Islets of Langerhans were isolated by collagenase digestion from the pancreas of a 39 year-old female renal transplant donor. The islets were subjected to three consecutive periods of tissue culture, after each of which they were incubated in vitro with various agents whose effects on insulin release from islets of laboratory animals have previously been established. After the first culture period, the basal insulin secretion rate of 5.2~U/islet/h seen with 2 mmol/1 glucose was increased approx. 5-fold on raising the glucose concentration to 20 mmol/1. The islets retained the insulin-secretory response to 20 mmol/1 glucose throughout the period of study. Insulin secretion was also stimulated by mannose, leucine, a-ketoisocaproate, dihydroxyacetone and 3-hydroxybutyrate, but not by fructose or N-acetyl-9 glucosamine. Fructose however increased insulin release in the presence of 4 mmol/1 glucose. Caffeine elicited insulin release in the absence of glucose and enhanced insulin release in response to 10 mmol/1 glucose. Glucose-stimulated insulin release was inhibited by trifluoperazine (25 ~mol/1).
Since the introduction of methods for the isolation of viable islets of Langerhans [1, 2] much insight has been gained into the process of insulin secretion and its regulation. However, current views are based almost entirely on studies from islets of laboratory animals particularly rat and mouse. To what extent such ideas are applicable to man is uncertain in view of the paucity of information on secretory responses of human islets. In the present study, the removal of pancreas from an adult patient shortly after death provided an opportunity to assess some of the properties of insulin release in vitro: maintenance of islets in tissue culture permitted several experiments to be performed on the same preparation of islets.
Methods
Part of the tail of the pancreas was obtained within i h of death from a female renal transplant donor aged 39 years who had died as a result of a subarachnoid haemorrhage; the patient had a previously unremarkable medical history. The pancreas specimen was distended with ice-cold Krebs bicarbonate medium pH 7.4, [3] ; I g pieces were then digested with Sigma (Type II) collagenase (5 rag/ ml) [4] . Islets were harvested with a wire-loop and transferred to tissue culture medium in 5 ml Petri dishes. The culture medium was RPMI 1640 (Gibco Europe Ltd., P. O. Box 35, Paisley, Scotland) containing glucose (11 mmol/1), penicillin (0.1 mg/ml), streptomycin (0.1 mg/ml) and 10% (v/v) inactivated calf-serum (Wellcome Reagents Ltd., Beckenham, Kent, U.K.).
Approximately 500 islets were obtained from 7 g of pancreas. The islets were cultured overnight at 37 ~ in an atmosphere of air: CO2 (95 : 5) saturated with 1-120 vapour. For measurement of insulin release, islets were washed with ice-cold bicarbonate medium containing glucose (2mmol/1): batches of 5 islets were then incubated at 37 ~ for 2 h in 0.6 ml bicarbonate medium containing albumin (2 mg/ml) and gassed with O2:CO2 (95:5). The concentrations of glucose and other additions are as shown in the Tables. After incubation the medium was separated by centrifugation and aspiration, diluted with 40 mmoF1 phosphate buffer, pH 7.4 containing albumin (0.1%) and merthiolate (6retool/I) and stored at -20 ~ until assayed for insulin by a charcoal radioimmunoassay [5] , using an MRC reference standard of human insulin (batch 66/304): the minimal detectable value was 5 ~tU/ml, The islets were returned to culture for a further 24 h when a second insulin release experiment was performed as above. A third release study was conducted on the same islets after a further period of 24 h in tissue culture.
Results are expressed in ~tU insulin per islet per hour as mean • SEM with the number of batches of islets shown in parentheses. The significance of differences was assessed by the two-tailed Student's t-test.
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Results
After overnight culture, human islets responded to an increase in medium glucose concentration from 2 to 20 mmol/1 with a 6-fold increase in the amount of insulin released (Table 1 ). Sensitivity to glucose was retained although somewhat diminished on two successive occasions when the islets had been returned to culture for 24 h and then reincubated ( Table 2) . Insulin release was also stimulated by mannose and by dihydroxyacetone but not by fructose or by N-acetylglucosamine (Tables 1, 2 ). In the presence of a low concentration of glucose however, fructose, but not N-acetylglucosamine, potentiated insulin release (Tables 1, 2 ). Insulin release was also increased by leucine and its metabolite a-ketoisocaproate, 3-hydroxybutyrate, and caffeine in the absence of glucose (Tables 1, 2 ). Glucose-stimulated insulin release was potentiated by 5 mmol/1 caffeine and was inhibited by 25 ~mol/1 trifluoperazine ( Table 2) .
Discussion
The absolute rates of glucose-stimulated insulin release from the human islets in the present study are similar to those previously reported. In non-cultured islets isolated from the pancreas of a 4-year old girl undergoing surgical pancreatectomy for idiopathic hypoglycaemia, insulin release was 25 ~U/islet/h at 16.7 mmol/1 glucose [6] ; in human islets cultured for one week insulin release was increased from 12.5 to 22.5 ~tU/islet/h on raising the glucose concentration from 3.3 to 16.7 mmol/1 glucose [7] .
In the present experiments the secretory response to glucose was preserved following three successive periods of culture and incubation: this technique greatly expands the amount of information to be gained from a single batch of islets and in view of the scarcity of suitable tissue represents a valuable procedure.
Although the present results are derived from a single preparation of human islets, we have felt it useful to report them since there is to our knowledge no other report on the specificity of insulin secretory responses in human islets. In general the main features provide encouraging support for the view that data and hypotheses derived from rodent islets [8] may be applicable to man. Thus, in agreement with studies on rat and mouse islets [9] [10] [11] the order of potency of hexoses was glucose > mannose>> fructose. Fructose, indeed was only stimulatory in the presence of low glucose: this potentiatory behaviour of fructose is well-documented in rat islets [9, 11] . The secretory response to dihydroxyacetone, which in rodent islets has provided support for the 'substrate-site hypothesis' [12] , was evident in the human islets. Similarly, the ability of leucine and its metabolite a-ketoisocaproate to initiate insulin release from rodent islets [13, 14] was also demonstrated with the human islets.
Stimulation of insulin release by ketone bodies has previously been observed in dog in vivo [15] and in vitro in rat pancreas .pieces [16] . This effect has been suggested to play a role in the glucose-fatty acid-ketone body cycle [17] . However other workers have failed to find stimulation of insulin release by ketone bodies in vivo in man [18] or in vitro in rabbit pancreas pieces [19] or isolated rat islets [20] . The present finding of enhanced insulin release from human islets by ketone bodies shows that direct stimulation of the pancreatic B-cell by 3-hydroxybutyrate may indeed participate in the glucose-fatty acid-ketone body cycle.
Potentiation of glucose-stimulated insulin release from human islets by caffeine found here confirms a previous observation on human islets [61 and is also in agreement with observations on rodent islets [21] . It is noteworthy that caffeine alone elicited a modest stimulation of insulin release. Recent studies on the mechanism of stimulus-secretion coupling in rat islets of Langerhans have implicated calmodulin as a possible component of Ca2+-dependent exocytosis [22] : evidence for this hypothesis includes the inhibitory action of trifluoperazine, a specific inhibitor of calmodulin [23] , on glucose-stimulated insulin release. Similar results have also been obtained in adrenal medulla [24] and sea urchin eggs [25] . The inhibitory action of trifluoperazine on glucose-stimulated insulin release from human islets, found here, permits the extension of these speculations to insulin secretion mechanisms in man.
The sole discrepancy observed in the present study is the failure of N-acetylglucosamine to initiate or potentiate insulin release from the human islets, in marked contrast to its effects on rat islets [26] . This finding is however consistent with our inability to elicit insulin release by infusion of N-acetylglucosamine into healthy human subjects (unpublished observations). In rat islets, the ability of Nacetylglucosamine to initiate insulin release is attributed to the ability of the islets to metabolize Nacetylglucosamine, via a specific N-acetylglucosamine kinase [8, 26, 27] . The present finding could be rationalized within the framework of the substratesite hypothesis if human islets were found to lack N-acetylglucosamine kinase.
